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Furthermore,  approximately  35%  of  the  perimeter  piles  have  been  so  damaged  by 
impact  that  they  are  structurally  inadequate  to  carry  the  required  loads.  It 
is  therefore  recommended  that  the  loading  for  the  apron  be  immediately 
repaired.  The  remaining  piles  should  be  encased  in  concrete  from  the  pile  cap 
down  to  elevation  -5.0'  to  protect  them  from  further  corrosion. 

The  northern  section  of  the  quaywall  apron  has  veen  repaired  recently  by  the 
placement  of  concrete  jackets  from  the  pile  cap  down  to  elevation  -5.0'.  This 
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more  than  sufficient  to  carry  the  assumed  design  deck  live  load  of  600  PSF. 
However,  no  conclusion  can  be  made  on  the  overall  structural  adequacy  of  these 
piles.  The  jackets,  being  fairly  new,  were  in  good  condition  with  one 
exception.  On  one  pile,  the  fabric  form  had  ripped  so  that  the  concrete 
jacket  can  be  placed. 


FOREWORD 


The  scope  of  the  inspection  at  the  U.S.  Naval  Education  and 
Training  Center  in  Newport,  Rhode  Island  and  the  detail  to 
which  it  was  performed  and  reported  was  tailored  specifically 
to  the  conditions  at  this  facility.  This  report  or  the  pro¬ 
cedure  associated  with  its  formation  is  not  intended  to  be  a 
standard  for  inspections  or  reports  covering  other  activities. 
Attempts  are  being  made,  however,  toward  establishing  standards 
for  procedures  and  formats  for  inspection  and  assessment  re¬ 
ports.  Through  these  standards,  inspections  performed  by 
different  persons,  on  many  facilities  and  under  a  wide  range 
of  conditions  can  be  effectively  compared.  It  is  expected 
that  the  inspections  and  assessments  of  the  Newport  facilities, 
like  previous  operations  mandated  under  the  underwater  portion 
of  the  Specialized  Inspection  Program,  will  contribute  signi¬ 
ficantly  toward  achieving  that  objective. 

It  should  be  noted  that  the  choice  of  the  level  of  inspection 
and  the  procedural  detail  to  be  employed  will  be  an  engineer¬ 
ing  judgement  made  separately  for  each  activity/facility  to 
suit  its  unique  situation  and  needs.  Accordingly,  the  proce¬ 
dures  used  at  the  U.S.  Naval  Education  and  Training  Center  in 
Newport,  Rhode  Island,  rather  than  serve  as  a  detailed  model 
for  inspections  elsewhere,  will  provide  guidance  with  general 
applicability  to  future  inspections. 


EXECUTIVE  SUMMARY 


The  objective  of  the  underwater  facility  assessments  Conducted 
-at  the  U.S.  Naval  Education  and  Training  Center,  Newport, 

>>  Rhode  Ieian&,-.  ta  to  provide  a  generalized  structural  condition 
report  of  the  selected  facilities  within  the  activity.  The 
facilities  are  Pier  2  and  the  quaywall  apron  at  the  inshore  end 
of  Pier  2.  Each  facility  was  inspected  by  a  team  of  engineer/ 
divers  using  a  combination  of  visual/ tactile  and  ultrasonic 
techniques.  Critical  elements  were  photo-documented.^ 

Pier  2  appeared  to  be  in  generally  good  condition.  The  steel 
pipe  piles  exhibited  some  corrosion,  but  it  was  not  severe.  One 
pile  was  found  to  have  suffered  minor  structural  damage,  probably 
due  to  impact.  No  conditions  were  found  that  would  require  the 
pier's  structural  capacity  to  be  downgraded  or  function  to  be 
limited. 

The  southern  section  of  the  quaywall  apron  exhibited  sufficient 
deterioration  and  damage  to  warrant  a  reduction  in  its  assumed 
original  design  live  loading  of  600  PSF  to  a  loading  of  100  PSF. 

Steel  thickness  measurements  and  structural  analysis  calculations 
indicate  that  the  capacity  of  approximately  35%  of  the  steel  H- 
piles  has  been  reduced  by  corrosion  to  less  than  the  45  tons  of  maximum 
loading  per  pile  required  to  support  the  deck  live  load.  Further¬ 
more,  approximately  35%  of  the  perimeter  piles  have  been  so  damaged 
by  impact  that  they  are  structurally  inadequate  to  carry  the 
required  loads.  It  is  therefore  recommended  that  the  loading  for 
the  apron  be  immediately  reduced  until  the  structurally  inadequate 
piles  can  be  repaired  (see  Section  4.2.4  for  details).  The  remaining 
piles  should  be  encased  in  concrete  from  the  pile  cap  down  to 
elevation  -5.0'  to  protect  them  from  further  corrosion. 

The  northern  section  of  the  quaywall  apron  has  been  repaired  re¬ 
cently  by  the  placement  of  concrete  jackets  from  the  pile  cap 
down  to  elevation  -5.0'.  This  has  prevented  a  good  structural 
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assessment  of  the  steel  H-piles.  The  remaining  metal  thickness 
on  the  portion  of  the  steel  H-pile  still  exposed  is  more  than 
sufficient  to  carry  the  assumed  design  deck  live  load  of  600  PSF. 
However,  no  conclusion  can  be  made  on  the  overall  structural 
adequacy  of  these  piles.  The  jackets,  being  fairly  new,  were  in 
good  condition  with  one  exception.  On  one  pile,  the  fabric  form 
had  ripped  so  that  the  concrete  could  not  be  placed.  It  is 
recommended  that  this  form  be  replaced  so  that  the  concrete 
jacket  can  be  placed. 

Refer  to  the  following  Executive  Summary  Table  for  an  overview 
of  each  facility's  construction,  recommendations  and  cost  estimates. 
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EXECUTIVE  SUMMARY  TABLE  I 


Facility 

Year 

Built 

No.  of  Vertical 
Bearinq  Piles 

No.  of  Batter 
Piles 

Facility 

Size 

Structure 

Recomnu 

Pier  2 

1958 

2,796 

320 

1575 1  long  x 
200'  wide 

14 "diameter 
steel  pipe 
piles 

1)  Repa: 
Pile 
with 
f  abr 
grou 

2 )  Rein: 
in  5- 

Quaywall 

Apron 

1957 

3  22 

(plus  7  replacement 
piles) 

12 

Northern 
Section : 

200' long  x 
40'  wide; 
Southern 
Section : 

595 ' long  x 

40'  wide 

Steel  H-piles: 
HP  12  x  53  and 
HP  14  x  73;  in 
the  Northern 
Section,  piles 
concrete-en¬ 
cased  to  El. 
-5.0' 

Southei 
1 )  Rest; 
load 
to  ll 
Sect’ 
2a) Rep 
corrc 
H-pi 

wi  th| 
post  ■ 


2b)  Plas 
strut 
jackt 
corn: 

3 )  P 1  Cijcc 
non~s 
conci 
remai 


prota 

furtii 
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NEWPORT,  RHODE  ISLAND 

XECUTIVE  SUMMARY  TABLE 


Batter 
;s _ 


) 


Facility 

Size 


Structure 


Estimated  Cost  of 

Recommendations  Recommendations 


1575 ' long  x  14"diameter 

200'  wide  steel  pipe 

piles 


1)  Repair  hole  in  $1200 

Pile  B-B,Bent28, 

with  welded  wire 
fabric  and  epoxy 
grout. 

2)  Reinspect  pier 

in  5-10  years.  Not  applicable 


Northern 
Section : 
200'long  x 
40 '  wide ; 
Southern 
Section : 
595' long  x 
40*  wide 


Steel  H-piles: 
HP  12  x  53  and 
HP  14  x  73;  in 
the  Northern 
Section,  piles 
concrete-en¬ 
cased  to  El. 
-5.0' 


Southern  Section; 

1) Restrict  live  Not  applicable 

loading  on  apron 
to  100PSF  (see 
Section  4.2.4). 

2a) Replace  severely  $176,000 
corroded  steel 
H-pile  sections 
with  new  H-pile 
posts . 


or 

2b)Place  30"  diameter  $201,000 
structural  concrete 
jackets  on  severely 
corroded  piles. 

3)Place  28"  diameter  $194,000 
non-structural 
concrete  jackets  on 
remaining  piles  to 
protect  them  from 
further  corrosion. 


Northern  Section: 

1) Replace  ripped  fabric  Not 

form  on  Pile  D,Bent  applicable 
15  and  place  concrete 
jacket . 
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SECTION  1 


INTRODUCTION 


This  report  is  a  product  of  the  Underwater  Inspection  Program 
conducted  by  the  Ocean  Engineering  and  Construction  Project 
Office  (FPO-1 ) ,  Chesapeake  Division,  Naval  Facilities  Engi¬ 
neering  Command  (NAVFACENGCOM)  under  NAVFAC 1 s  Specialized 
Inspection  Program.  This  program  sponsors  task-oriented  engi¬ 
neering  services  for  the  inspection,  analysis  and  design  and 
monitoring  of  repairs  for  the  submerged  portions  of  selected 
Naval  Waterfront  Facilities.  All  services  required  to  produce 
this  report  were  provided  by  Childs  Engineering  Corporation  of 
Medfield,  Massachusetts  under  Task  No.  6  of  Contract  No. 

N624 77-80 -C -0102 . 

The  efforts  expended  and  costs  required  to  perform  these  under¬ 
water  facility  inspections  vary  greatly  with  the  size,  age,  kind 
and  construction  type  of  the  facilities  involved.  Other  factors 
peculiar  to  a  particular  facility  or  activity  also  have  an 
important  effect  on  inspection  time  and  costs.  These  factors 
include : 

*Type  and  quantity  of  biofouling  to  be  cleaned  for  dif¬ 
ferent  levels  of  scrutiny,  both  visual  and  with  instruments; 

*Tidal  range  -  area  exposed  at  low  tide  for  boat  inspections; 

*Time  and  type  of  last  inspection; 

*Local  environmental  factors  -  salinity,  pollution  level, 
temperature,  etc.,  affecting  rates  of  corrosion  and 
marine  life; 

‘Function  of  the  facility  and  the  level  of  activity 
associated  with  that  function. 

1.1  TASK  DESCRIPTION 

The  scope  of  work  under  Task  No.  6  of  the  program  required  the 
inspection  of  the  underwater  portion  of  designated  facilities 
located  at  the  Naval  Education  and  Training  Center  (NET C)  in 
Newport,  Rhode  Island.  The  quality  of  inspection  had  to  be 
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sufficient  to  provide  an  adequate  general  structural  assess¬ 
ment  of  the  facilities  and  to  identify  areas  of  sufficient 
damage  and/or  deterioration  to  warrant  immediate  repair  or  a 
future,  more  detailed  investigation. 

1.2  REPORT  CONTENT 

The  report  contains  a  description  of  inspection  procedures, 
the  results  of  the  inspection  and  analysis  of  the  findings, 
accompanied  by  pertinent  drawings  and  photographs.  Specifi¬ 
cally,  the  inspection  results  include  a  description  of  the 
location,  construction  and  function  of  each  facility  examined 
within  NETC,  its  observed  condition  and  a  structural  assess¬ 
ment  of  that  condition.  Recommendations  for  each  facility, 
including  cost  estimates  (based  on  present  local  prices)  for 
any  repair  work,  are  also  included.  Structural  assessment 
calculations  and  cost  estimate  breakdowns  can  be  found  in  the 
Appendix.  Also,  as  supplementary  information,  a  brief  description 
of  NETC  is  provided  to  define  its  location,  mission,  history, 
existing  facilities,  climatological  and  meteorological  data  and 
hydrology . 
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SECTION  2 


ACTIVITY  DESCRIPTION 


The  purpose  of  this  section  is  to  provide  a  general  description 
of  the  Naval  Education  and  Training  Center  in  Newport,  Rhode 
Island  (NETC)  .  Included  in  this  section  will  be  brief  discussions 
of  NETC 1 s  location,  mission,  history,  existing  facilities, 
climatological  and  meteorological  data  and  hydrology.  This  infor¬ 
mation  is  provided  to  supplement  the  later  sections  of  this 
report  and  to  support  all  considerations  necessary  to  accurately 
assess  the  structural  condition  of  facilities  inspected  in  this 
survey . 

2.1  LOCATION  OF  ACTIVITY 

The  Naval  Education  and  Training  Center,  is  located  on  the  south¬ 
eastern  portion  of  Narragansett  Bay,  in  the  county  of  Newport, 
approximately  25  miles  south  of  Providence,  Rhode  Island,  at 
41°  32’  north  latitude  and  71°  19’  west  longitude  (see  Figure  1). 
Situated  on  Aquidneck  Island,  NETC  is  one  of  four  activities  at 
the  Naval  Complex  which  stretches  through  the  towns  of  Newport, 
Middletown,  and  Portsmouth,  Rhode  Island  (see  Figure  2). 


2.2  MISSION  OF  ACTIVITY 

"The  mission  of  the  NETC  is  "no  administer  those  schools 
assigned  which  provide  a  source  from  which  qualified  officers 
may  be  prepared  for  military  service;  train  U.S.  Navy  enlisted 
and  foreign  officer  candidates,  as  required;  and  provide 
appropriate  logistic  support  for  tenant  and  support  activities". 

Additionally,  as  tasked  by  the  President,  Naval  War  College, 
Commander  NETC,  acts  as  Executive  Agent  for  the  area  coordina¬ 
tion  of  naval  activities  in  the  Narragansett  Bay  region  and  as 
tasked  by  the  Commander  in  Chief,  U.S.  Atlantic  Fleet,  as 
Senior  Officer  Present  Afloat  (SOPA)  (administrative)  in  support 
of  homeported  or  visiting  ships.  Commander  NETC  also  serves  as 
the  Navy's  representative  concerning  the  disposal  actions  of 
Navy  property  declared  excess  following  the  1973  SER  [Shore 
Establishment  Realignment  Program]."1 
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2.3  HISTORY  OF  ACTIVITY 

Ownership  of  Coasters  Harbor  Island  was  taken  from  the  town  of 
Newport  by  the  U.S.  Government  in  1881,  and  a  shore-based  training 
base  was  established  there  soon  after.  Three  years  later,  in 
1884,  the  Naval  War  College  was  founded  by  Captain  Stephen  Luce 
and  was  established  on  the  island.  In  1900,  a  coal  storage 
facility  was  added  at  Melville,  and  in  1913,  the  Naval  Hospital 
was  established  on  the  mainland.  In  the  ensuing  years,  with  the 
outbreak  of  each  world  war  and  the  Korean  conflict,  the  Naval 
Complex  saw  significant  increases  in  size  and  activity,  followed 
by  periods  of  deactivation  and  reduction  during  peacetime. 

In  1951  and  1952,  the  Torpedo  Station  on  Goat  Island  and  the 
historic  Naval  Training  Station  were  disestablished  respectively. 
Two  years  later,  in  1954,  Hurricane  Carol  severely  damaged  much 
of  the  facility.  Rebuilding  efforts  after  the  hurricane  included 
the  construction  of  Pier  1  in  1955  and  Pier  2  in  1957.  In  1962, 
Newport  became  the  headquarters  for  the  Commander  Cruiser-Destroyer 
Force  Atlant ic . 

In  1973  the  Navy's  Shore  Establishment  Realignment  Program  (SER) 
was  announced  and  resulted  in  the  largest  single  reorganization 
of  naval  forces  in  the  Narragansett  Bay  area.  The  SER  reduced 
considerably  the  personnel  strength  and  the  physical  size  of  the 
Naval  Complex  because  of  transfers  and  disestablishments  of 
various  commands  and  activities  at  Newport  and  transfer  of  over 
1000  acres  of  non-essential  land  and  facilities. 

"As  a  result  of  the  April  1973  Shore  Establishment  Realignment 
(SER) ,  several  commands  at  the  Naval  Base,  Newport  were  disestab¬ 
lished  and  the  Naval  Education  and  Training  Center  Newport  RI  was 
established  effective  1  April  1974.  NETC  is,  in  essence,  the 
result  of  the  combination  of  five  former  shore  commands;  The  Naval 
Base,  Naval  Station,  Naval  Officer  Training  Center,  Public  Works 
Center  and  the  Supply  Center  Annex.”  ^ 
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2.4  EXISTING  FACILITIES 


"The  Naval  Education  Training  Center  is  the  largest  host  activity 
at  the  Naval  Complex.  Established  in  1974,  following  the  1973 
SER  program,  NETC  is  host  for  approximately  23  tenants  and 
supported  units.  Employing  over  1,000  civilian  personnel  and 
with  approximately  140  officers  and  280  enlisted  personnel  assigned 
to  the  various  departments  of  the  Center,  NETC  is  tasked  with  the 
operation  of  seven  schools  including  the  Officer  Candidate  School 
(OCS) ,  Officer  Indoctrination  School  (OIS) ,  International  Officer 
Candidate  School  (INTOCS),  Instructor  Training  School  (IT), 
Communications  School,  Chaplains  School  and  the  Naval  Academy 
Preparatory  School  (NAPS)."^ 


2.5  CLIMATOLOGICAL  AND  METEOROLOGICAL  DATA 

"A  combination  of  phenomena  -  specifically  the  Gulf stream, 
coastal  setting,  and  northern  location  -  make  the  climate  of 
the  Newport  area  very  comfortable.  Typically,  summers  are 
mild  and  winters  are  moderately  cold.  July  temperatures  average 
72°F  with  an  average  range  of  63°  to  85°F,  and  January  temperatures 
average  28°F  with  an  average  range  of  21°  to  36°F.  The  average 
growing  season  is  195  days.  Relative  humidities  range  from  48 
to  84  percent  on  the  average,  with  the  lowest  relative  humidity 
occurring  in  the  spring  and  the  highest  in  the  fall. 

Average  annual  precipitation  is  42.75  inches  falling  on  approximately 
125  days  during  the  year.  Annual  snowfall  averages  37.8  inc’.ies. 
Average  wind  speed  is  10.8  miles  per  hour  and  prevails  from  the 
northwest  in  the  winter  to  the  southwest  in  the  summer. 

Hurricanes  are  a  serious  issue  in  the  Newport  area.  Records 
indicate  that  from  1635  to  1965  Rhode  Island  has  experienced  or 
been  threatened  by  hurricane  tidal  flooding  upon  71  occasions. 

Of  these,  about  38  caused  tidal  flooding.  The  five  with  the  most 
severe  tidal  flooding  were: 

23  September  1815 

24  August  1893 
21  September  1938 
14  September  1944 
3 1  August  1954 

The  worst  storm  on  record  occurred  in  1938  when  the  Bay  water 
height  reached  10.8  feet  above  mean  sea  level  (AMSL)  at  Newport 
Harbor.  High  tide  had  occurred  45  minutes  prior  to  the  storm, 
but  at  Providence  R.I.  and  Fall  River,  MA,  high  tide  and  the 
storm  happened  simultaneously  producing  flood  surges  of  15.7  and 
13.7  feet  AMSL,  respectively.  Winds  were  generally  in  excess  . 

of  75  mph .  Gusts  in  the  Providence  area  hit  125  mph  (C .0 .E . ,  196 5) "  . 
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2.6  HYDROLOGY 


"Narragansett  Bay,  [see  Figure  2],  consisting  of  series  of  submerged 
river  valleys,  is  approximately  20  miles  long  and  11  miles  wide 
with  a  surface  area  of  approximately  102  square  miles.  The  Bay's 
drainage  basins  covers  about  1,800  square  miles  in  Rhode  Island 
and  Massachusetts  and  provides  a  fresh  water  inflow  of  approximately 
1,250  cubic  feet  per  second. 

The  central  portion  of  the  Bay  divides  into  two  passages  around 
Conanicut  Island  (Jamestown)  with  average  depth  in  the  East 
Passage  of  58  feet  and  25  feet  in  the  West  Passage.  A  35  foot 
(depth)  dredged  channel  connects  the  passages  north  of  Jamestown. 

Narragansett  Bay  contains  over  300  miles  of  shoreline,  largely 
accounted  for  by  the  nearly  two  dozen  islands  in  the  Bay,  the 
largest  of  which  is  Aquidneck  Island. 

The  tides  in  the  Bay  have  a  mean  range  of  3.6  feet  at  the  north 
of  the  Bay  and  4.6  feet  at  the  head.  Tides  are  semidiurnal . "5 


Tidal  ranges  for  the  Naval  Complex  are  as  follows: 


Mean 

Low  Water 

Feet 

0.0 

Mean 

Tide  Level 

1.8 

Mean 

Tide  Range 

3  .5 

Spring  Tide  Range 

4  .4 

In  July  1971,  the  tidal  flow  rate  at  the  Jamestown  Bridge  was 
measured  at  350,000  cubic  feet  per  second.  Maximum  surface  tidal 
velocities  have  been  measured  at  1.5  feet  per  second  (fps)  in  the 
West  Passage  and  2.3  fps  in  the  East  Passage.  In  the  vicinity  of 
the  Naval  Complex,  tidal  flow  currents  average  around  0.02  fps. 
Water  temperatures  range  from  31"^.  to  75°F. 


SECTION  3 


INSPECTION  PROCEDURE 


From  May  4-7  and  from  September  21-22,  1981,  a  team  of  engineers 
and  technicians,  all  certified  SCUBA  divers,  performed  on-site 
underwater  inspections  of  Pier  2  and  the  quaywall  apron  at  the 
base  of  Pier  2,  respectively,  at  NETC,  Newport,  Rhode  Island 
(see  Photo  #1).  The  level  of  inspection  to  be  performed,  the 
type  of  structure  being  inspected,  actual  on-site  conditions  and 
past  experience,  combined  with  a  thorough  knowledge  of  engineering 
theory,  dictated  the  inspection  procedures  that  were  followed. 

3.1  LEVEL  OF  INSPECTION 

The  inspection  techniques  used  had  to  be  sufficient  to  yield 
information  necessary  to  make  a  general  condition  assessment 
of  the  supporting  structure  of  each  facility,  identify  any  areas 
that  were  mechanically  damaged  or  in  advanced  states  of  deterio¬ 
ration,  and  formulate  repair  and  maintenance  recommendations  and 
cost  estimates.  In  general,  this  meant  utilizing  visual/tactile 
inspection  techniques,  accompanied  by  occasional  external 
measurements  employing  such  instruments  as  a  scale,  calipers  or 
ultrasonic  steel  thickness  gauge,  where  appropriate.  Photograj  ic 
documentation  of  typical  as  well  as  notable  or  unusual  conditions 
was  also  obtained. 

3.2  INSPECTION  PROCEDURE 

The  scope  of  work  for  Task  No.  6  of  the  Underwater  Inspection 
Program  required  that  approximately  1573  lineal  feet  (LF)  of 
pier  and  795  LF  of  quaywall  apron  be  inspected  from  the  splash 
zone  (practically  speaking,  the  pile  cap)  to  the  mudline  for 
general  conditions  and  any  gross  structural  damage  or  deterioration. 
The  fender  and  utility  systems  were  beyond  the  scope  of  this 
inspection. 

A  dive  team  consisting  of  two  divers  and  one  tender/notekeeper 
performed  the  on-site  inspection.  Past  experience  has  proven 
this  arrangement  to  be  efficient  as  well  as  safe. 
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Photo  #1:  Looking  West  from  NETC  at 

Pier  2  and  the  Quaywall  Apron. 
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For  the  Pier  2  inspection,  all  perimeter  piles  and  every  tenth 
bent  were  inspected  closely  in  a  manner  similar  to  that  depicted 
in  Figure  3.  Practically  speaking,  this  meant  the  two  divers 
worked  their  way  down  the  perimeter  piles  on  one  side  of  the 
pier  from,  for  example.  Bent  10  to  Bent  20.  They  would  then 
traverse  the  pier  while  inspecting  Bent  20,  inspect  the  perimeter 
piles  on  the  opposite  side  of  the  pier  between  Bents  10  and  20, 
then  continue  along  the  perimeter  piles  on  this  side  from  Bent  20 
to  Bent  30  and  so  on.  The  remainder  of  the  piles  were  not 
inspected  (see  Y  &  D  Dwg.  Nos.  717718  and  717719  in  Appendix). 

In  the  case  of  the  guaywall  apron,  the  divers  visually  inspected 
all  the  piles  from  waterline  to  mudline.  Approximately  8%  of 
the  piles,  located  throughout  the  facility,  were  closely  inspected 
(i.e.,  metal  thickness  readings  were  taken;  see  Figure  7). 

Often  it  was  necessary  to  remove  marine  growth  and/or  corrosion  from 
some  surface  areas  of  selected  piles  for  an  adequate  structural 
assessment.  Small  patches  were  frequently  cleared  during  a  close 
inspection . 

Along  with  mechanical  or  impact  damage,  corrosion  of  the  metal  was 
an  important  concern.  Based  on  classical  corrosion  curves,  as 
shown  in  Figure  4,  areas  of  maximum  corrosion  usually  occur  at  or 
around  mean  low  water  (MLW) ,  within  2  feet  of  the  mudline,  in  the 
splash  zone  and  in  areas  where  a  differential  oxygen  concentration 
cell  is  set  up.  This  latter  case  can  occur  at  the  interface  or 
boundary  areas  between  concrete  and  steel.  As  a  result,  the  steel 
adjacent  to  the  concrete  is  sacrificed  to  protect  the  steel  under 
the  concrete. 

To  document  the  corrosive  activity,  corrosion  profiles  were  taken 
on  selected  piles.  Small  areas  of  the  pile  were  cleaned  to  bare 
metal  at  selected  elevations  (see  Photo  #2)  and  metal  thickness 
was  measured  with  an  ultrasonic  thickness  gauge  and/or  calipers. 
These  readings  and  empirical  corrosion  curves  based  on  them  are 
included  in  the  Appendix. 
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RELATIVE  LOSS  IN  METAL  THICKNESS 

CORROSION  PROFILE  OF  STEEL  PILING  -  FIVE  YEARS  EXPOSURE  IN  SEAWATER 


FROM:  S.C.  FYRE ,  "THE  PROTECTION  OF  PILING"  IN  DESIGN  AND 

INSTALLATION  OF  PILE  FOUNDATIONS  AND  CELLULAR  STRUC¬ 
TURES,  HSAI - YOUNG  FANG  AND  THOMAS  D.  DISMUKE,  EDS. 
(PENNSYLVANIA:  ENVO  PUBLISHING  CO.,  INC.,  1970),  P.  197. 
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_ ULl  Typical  Ultrasonic  Thickness  Measure¬ 
ment  Station  Around  El.  -5.0'  on  a 
Steel  Pipe  Pile  in  Pier  2.  Note  the 
Welded  Splice  Connection  in  the  Cleaned 
Area. 
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It  should  be  noted  that  during  our  investigation  no  destructive 
testing  was  carried  out.  The  conditions  noted  reflect  direct 
observation  or  measurement  of  structural  components  which 
were  accessible.  Information  which  may  infer  knowledge  of 
conditions  of  hidden  components  are  based  on  government- 
furnished  documents,  our  knowledge  of  structures  in  similar 
environments  and/or  generally  accepted  engineering  theories. 

3.3  INSPECTION  EQUIPMENT 

Equipment  used  for  the  inspection  included  a  Krautkramer  D- 
meter  ultrasonic  steel  thickness  gauge  with  DMR  probe  and 
75  feet  of  cable,  a  Minolta  SRT  200  camera  and  strobe,  a 
Nikonos  III  underwater  camera  and  strobe,  dive  lights,  200- 
foot  fiberglass  tape,  100-foot  sounding  tape,  6-foot  folding 
rules,  calipers,  chipping  hammers  and  dive  knives. 

Choice  of  equipment  was  made  as  a  result  of  past  experience. 
Most  of  the  equipment  is  straightforward,  easy  to  handle, 
carry  and  use,  and  has  proven  reliable  under  hard  use. 

Ultrasonic  steel  thickness  gauging  is  preferred  over  other 
techniques  (such  as  drilling  test  holes)  since  it  is  non¬ 
destructive,  easy  to  handle,  fast  and  reasonably  accurate. 
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F AC I L ITIES  INSPECTED 


SECTION  4 

Within  this  section  of  the  report,  each  facility  inspected  at 
NETC  is  referenced  separately.  The  discussion  of  each  facility 
is  presented  in  four  parts:  1)  a  description  of  the  construction 
and  function  of  the  structure,  which  is  derived  both  from  the 
on-site  inspection  and  from  the  referenced  government-furnished 
drawings;  2)  an  enumeration  of  general  and  specific  conditions 
observed  during  the  on-site  inspection;  3)  a  qualitative  assess¬ 
ment  of  the  structural  condition  of  the  facility  based  on  the 
inspection  data;  and  4)  recommendations  for  actions  to  be  taken 
to  insure  long-term,  cost-effective  maintenance  and  utilization 
of  the  facility.  Detailed  breakdowns  of  cost  estimates  are 
included  in  the  Appendix. 

Marine  growth  profiles  were  noted  for  each  facility.  In  both 
facilities,  there  was  a  distinct  band  of  corrosion,  appearing  as 
a  ring  of  orange  oxidation,  2‘  to  4'  long,  centered  around  mean 
low  water  (MLW;  see  Photo  #3).  Little  to  no  marine  growth  was 
seen  in  this  area.  In  Pier  2,  below  the  corrosion  band,  the 
marine  growth  consisted  of  a  brown  hairlike  growth  to  approximately 
5  feet  below  MLW.  Below  the  hairlike  growth,  the  piles  were 
covered  with  clumps  of  mussels  and  sea  anemones,  up  to  2"  thick, 
which  thinned  out  near  the  mudline  (see  Photos  #4  and  #5).  Much 
of  the  marine  growth  in  and  just  below  the  tidal  zone  had  been 
stripped  off  the  outboard  face  of  the  perimeter  piles  in  areas 
where  the  fendering  system  was  missing  or  damaged.  This  was  due 
to  abrasion  from  breasting  camels  which  were  being  used  in  place 
of  the  original  fender  system.  In  the  quaywall  apron,  below  the 
corrosion  band,  all  the  piles  had  a  covering  of  brown  hairlike 
growth,  up  to  1"  thick,  barnacles  and  small  tubeworms,  which 
thinned  out  near  the  mudline  (see  Photo  #6) .  Perimeter  piles 
had  occasional  small  clumps  of  mussels  and  sea  anemones  (see 
Photo  #7).  Above  the  band  of  corrosion  in  both  facilities,  the 
marine  growth  consisted  of  a  scattering  of  barnacles  which  ended 
in  the  splash  zone. 
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Photo  #3:  Typical  Corrosion  Band  of  Orange 

Oxidation,  Extending  from  El.  -2.0' 
to  El.  +2.0'  (Pier  2) . 
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Photo  #4 :  Example  of  Marine  Growth  Observed  at 

Pier  2  Around  El.  -5.0'.  Note  Dense 
Cover  of  Sea  Anemones  and  Mussels. 


Photo  # 5 :  Example  of  Marine  Growth  Observed  at 

Pier  2  Around  El.  -10.0'.  Note  Patch 
at  Top  Cleaned  to  Bare  Metal  for 
Inspection  Purposes. 
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Photo  #6:  Example  of  Marine  Growth  Observed 

in  the  Quaywall  Apron  Around  El. -20.0 
Note  the  Areas  Cleaned  for  Ultrasonic 
Thickness  Measurements. 


Photo  #7;  Example  of  Marine  Growth  Observed 

in  the  Quaywall  Apron  Around  El. -2. O' 
Note  the  Clumps  of  Mussels  Below 
the  Folding  Rule. 
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On  the  submerged  portions  of  all  the  steel  piles,  deposits  of  black 
corrosion  by-product  with  gas  pockets  trapped  beneath  were  common. 
At  both  facilities,  this  corrosion  buildup  was  heavy,  sometimes 
up  to  1"  thick.  An  example  of  this  type  of  corrosion  is  illus¬ 
trated  in  Figure  5.  Under  the  corrosion  buildup,  the  metal  of  the 
steel  pipe  piles  at  Pier  2  was  basically  smooth  and  unpitted. 

The  metal  of  the  steel  H-piles  of  the  quaywall  apron,  however, 
was  heavily  pitted,  with  pits  reaching  1"  in  diameter  and  1/8" 
in  depth. 

Corrosion  in  the  splash  zone  of  Pier  2  was  light  to  moderate,  and 
the  coating  was  still  apparent  in  many  places.  In  the  quaywall 
apron,  splash  zone  corrosion  was  moderate  to  heavy,  and  what 
coating  remained  was  of  little  to  no  value. 
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4.1  PIER  2 

4.1.1  Description 

Pier  2  is  the  larger  of  the  two  destroyer  piers  located  in 
Coddington  Cove  in  the  town  of  Middletown,  Rhode  Island  and 
is  situated  just  north  of  destroyer  Pier  1.  Presently,  Pier 
2  is  handling  all  Navy  operations.  Building  68,  located  on  the 
pier,  is  being  renovated  to  provide  space  for  Ship  Intermediate 
Maintenance  Activity  (SIMA)  operations.  Pier  2  was  originally 
designed  to  accommodate  36  ships  (six  berths  capable  of  nesting 
six  ships),  including  destroyers,  destroyer-tenders,  fleet 
tugs  and  fleet  oilers. 

Pier  2 (Constructed  in  1958,  is  1575'  long  x  200'  wide  and 
provides  3,250'  of  berthing.  The  reinforced  concrete  deck  is 
supported  by  158  bents  of  14"  diameter  steel  pipe  piles.  From 
the  pile  cap  to  approximately  elevation  -5.0',  the  pipe  piles 
have  V  thick  walls  and  are  filled  with  reinforced  concrete 
(see  Photo  #8).  Around  elevation  -5.0',  there  is  a  welded 
splice  connection,  and  from  this  point  to  the  mudline,  the 
pipe  piles  are  unfilled  and  have  3/8"  thick  walls  (see  Photo  #9). 
In  all, there  are  320  batter  and  2796  vertical  bearing  piles 
(see  Figure  6  and  ,  in  the  Appendix,  Y  &  D  Dwg .  Nos.  717718  and 
717719).  The  piles  have  a  design  bearing  capacity  of  60  tons. 

The  deck  was  designed  for  a  uniform  live  load  of  600  PSF  or 
a  wheel  loading  of  H-20-44  with  15%  impact  or  a  crane  loading 
of  a  standard  gauge  20-ton  truck  crane  with  no  impact. 

References:  Naval  Facilities  Engineering  Command 

MASTER  PLAN 

Newport  Education  and  Training  Center 
Newport,  Rhode  Island 

Bureau  of  Yards  and  Docks 

"Pier  No.  2,  Bulkhead  and  Utilities" 

Y  &  D  Dwg.  Nos.  717716,717718  and  717719 
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Photo  #8:  Hole  in  Pile  B-B  of  Bent  28  in 

Pier  2,  Around  El.  -2.0’,  Exposing 
Concrete  and  Steel  Reinforcing. 


Photo  #9:  Typical  Welded  Splice  Connection  Around 

El.  -5.0*  on  a  Steel  Pipe  Pile  in 
Pier  2. 
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4.1.2  Observed  Inspection  Condition 

The  piles  of  Pier  2  were  in  fairly  uniform  condition  as 
described  in  the  introduction  to  Section  4.  The  one  exception 
to  this  was  Pile  B-B  in  Bent  28.  This  pile  had  a  12"  diameter 
hole  on  its  outboard  (south)  side  centered  at  elevation  -2.0' 
(see  Photo  #10, #11  and  #12).  The  steel  around  the  edges  of 
the  hole  had  been  corroded  to  a  knife-edge,  and  the  concrete 
in  the  vicinity  of  the  hole  was  missing  to  half  the  depth  of 
the  pile.  One  of  the  reinforcing  bars  was  exposed  in  this 
void . 

The  welded  splice  connections  found  were  all  in  good  condition 
(see  Photo  #13).  Most  were  located  around  elevation  -5.0', 
but  some  were  found  as  shallow  as  MLW  and  two  were  found 
around  elevations  -10.0'  to  -15.0'. 

Steel  thickness  readings  were  taken  on  two  piles  from  elevation 
+2.0'  or  +1.0'  down  to  the  mudline.  Metal  loss  above  the 
welded  splice  connection  (V  thick  walls)  ranged  from  0%  to 
54%  with  an  average  of  loss  of  26%  and  below  the  welded  splice 
connection  (3/8"  thick  walls)  from  0%  to  48%  with  an  average 
loss  of  14%  (see  Appendix  for  actual  readings) . 
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Photo  #10;  12"  Diameter  Hole  Around  El.  -2.0'  on  the 

Outboard  Side  of  Pile  B-B,  Bent  28,  in 
Pier  2.  Note  the  Void  in  the  Concrete 
and  the  Exposed  Steel  Reinforcing. 


Photo  #11:  Same  Description  as  Photo  #10. 
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Photo  #12;  View  of  Top  Half  of  Hole  in  Pile  B-B, 
Bent  28,  in  Pier  2.  Note  How  the 
Edges  of  the  Hole  Turn  Inward, 
Indicating  Impact  Damage. 


Photo  #13; 


Typical  Welded  Splice  Connection 
Around  El.  -5.0'  on  a  Steel  Pipe 
Pile  in  Pier  2.  Note  the  Good 
Condition  of  the  Weld  and  Adjacent 
Pipe  Pile  Sections. 


4.1.3  Structural  Condition  Assessment 

Generally,  Pier  2  is  in  good  condition.  Structural 
calculations  indicate  that  the  remaining  pile  capacity 
(73  tons,  based  on  minimum  metal  thickness  readings;  see 
Appendix  for  Calculations) ,  is  still  adequate  to  carry  the 
imposed  loads  (60  tons).  The  welded  splice  connections 
all  appear  to  be  sound. 

Pile  B-B  in  Bent  28,  however,  has  been  damaged  (see  Section 
4.1.2) .  At  some  time  in  the  past,  this  pile  appears  to 
have  been  impacted.  Corrosion  was  thus  accelerated  in  this 
region,  creating  the  large  hole  now  observed  and  allowing 
the  spalling  of  the  concrete  fill. 

4.1.4  Recommendations 

The  hole  in  Pile  B-B  should  be  repaired  with  wire  fabric 
and  epoxy  grout.  The  cost  to  repair  this  pile  based  on 
current  area  prices  is  $1200.00.  Continued  deterioration 
can  be  expected  until  repairs  are  performed.  No  other 
repairs  are  recommended.  This  pier  should  be  inspected 
again  in  5  -  10  years. 
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4 . 2  QUAYWALL  APRON 

4.2.1  Description 

The  quaywall  apron  is  located  on  adjacent  sides  of  the  inshore 
end  of  Pier  2  in  Coddington  Cove.  It  provides  vehicle  access 
to  and  between  Piers  1  and  2.  It  also  provides  for  berthing 
of  smaller  Navy  vessels. 

The  apron,  constructed  around  1957,  is  40'  wide  and  consists 
of  21  bents  (200*  long)  north  of  Pier  2  and  61  bents  (595'  long) 
south  of  Pier  2.  A  steel  sheet  pile  bulkhead  runs  along  the 
base  of  the  apron.  There  are  a  total  of  12  batter  and  322 
vertical  bearing  H-piles  supporting  the  reinforced  concrete 
decks.  There  are  also  7  vertical  replacement  piles  that  were 
added  in  a  later  repair  job.  The  perimeter  piles  and  batter 
piles  are  HP  14  x  73  and  the  interior  vertical  piles  are  HP 
12  x  53  (see  Figure  7).  In  1981,  all  the  piles  in  the  apron 
north  of  Pier  2  (Bents  1  to  21)  were  encased  in  concrete  from 
the  pile  cap  to  elevation  -5.0*  below  MLW.  Zippered  fabric 
forms  were  used  to  contain  the  concrete. 

References:  Bureau  of  Yards  and  Docks 

"Piet  No.  2,  Bulkhead  and  Utilities-Apron 
Pile  Plan" 

Y  &  D  Dwg.  No.  717733 

Naval  Facilities  Engineering  Command 
Newport  Education  and  Training  Center 
"Repairs  to  Bearing  Piles-Concrete 
Apron  North  of  Pier  No.  2" 

NAVFAC  Dwg.  No.  2044  444 
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4.2.2  Observed  Inspection  Condition 

In  the  southern  section  of  the  quaywall  apron.  Bents  22  to 
82,  approximately  70%  of  the  H-piles  exhibited  deflection  of 
their  flanges  within  12  feet  of  the  pile  cap.  The  deflection 
varied  from  a  slight  waviness  to  a  curling  or  a  flattening 
of  the  flange  against  the  web  (see  Photo  #14).  Some  of  this 
damage,  particularly  in  the  case  of  the  perimeter  piles, 
was  due  to  impact  (see  Photo  #15).  In  two  areas  along  the 
face  of  the  apron,  from  Bents  65  to  72  and  from  Bents  46  to 
52,  all  the  B  piles  were  contorted,  their  pile  caps  were 
broken  and  spalled,  and  the  concrete  beam  running  between  the 
piles  was  also  broken  and  often  spalled  down  to  rebar  (see 
Photo  #16).  Pile  B  of  Bent  68  was  broken  away  from  its  pile 
cap  and  displaced  several  feet  toward  Pile  C.  From  Bents  46 
to  52,  all  but  one  of  the  B  piles  were  broken  out  of  their 
pile  caps  (see  Photo  #17).  New  HP  14  x  73  piles  had  been  added 
at  some  time  in  the  past  to  compensate  for  this  damage.  Each 
replacement  pile  had  been  driven  through  the  deck  just  north 
of  the  damaged  pile's  pile  cap  (except  in  Bent  46,  where  it 
is  just  south  of  the  pile  cap)  and  about  6"  interior  to  the 
damaged  pile  (see  Photos  #18  and  #19,  and  Figure  7).  The 
hole  in  the  concrete  deck  had  been  patched,  and  a  steel  plate 
was  placed  against  the  patch  between  the  replacement  pile 
head  and  the  concrete  deck  (see  Photo  #20)  .  Although  these 
replacement  piles  were  newer,  they  were  in  the  same  general 
condition  as  the  interior  piles  of  the  apron. 

All  the  piles  in  the  southern  section  showed  thinning  of  the 
flanges  around  MLW,  and  in  many  cases  the  flanges  were  partially 
gone.  In  the  worst  instances,  the  flanges  necked  down  to  the 
web  around  MLW  (see  Photo  #21).  Likewise,  there  was  also  a 
hole  in  the  web  at  the  same  elevation  (see  Photo  #22).  A  little 
over  10%  of  the  piles  in  this  section  of  apron  had  holes  in  the 
web  around  MLW  (see  Photos  #23, #24  and  #25). 
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Photo  #14:  Typical  Deflection  of 

- -  Flange  and  Splash  Zone 

Corrosion  on  an  Interior 
Pile  (Quaywall  Apron) . 


Photo  #15:  Spalled  and  Broken 
~  ~  Pile  Cap  and  Impact 

Damaged  Pile  Head 
of  Pile  B  in  Bent 
41  (Quaywall  Apron) 
Note  Welded  Splice 
Connection  in  H- 
Pile  Section. 


Photo  #16:  Pile  B  in  Bent  66, 

'  Showing  Worse-Than- 

Usual  Impact  Deflection 
and  Badly  Spalled  Concrete 
Beam  (Quaywall  Apron)  . 
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Photo  # 17 :  View  from  Bent  52  of  the 

Quaywall  Apron,  Looking  North 
Along  the  Perimeter  Piles  in  the 
Area  of  the  Worst  Impact  Damage. 
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Photo  #18:  Impact  Damaged  B  Pile,  Pile  Cap 
an.'  Concrete  Beam  in  Bent  52  of 
the  Quaywall  Apron.  Note  Replacement 
Pile  in  Back,  Just  North  of  the  Pile 
Cap. 


Photo  #19:  Impact  Damaged  and  Displaced  B  Pile  in 
Bent  50  of  the  Quaywall  Apron.  Note 
Replacement  Pile  in  Back,  Just  North  of 
the  Pile  Cap. 
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Photo  #20 :  Typical  View  of  Replacement  Pile  Head, 

Showing  Patch  in  Concrete  Deck  and  Steel 
Plate  (Bent  50,  Quaywall  Apron). 


Photo  #21:  Pile  E  in  Bent  78  of  the  Quaywall  Apron, 
Showing  Flanges  Corroded  Down  to  the 
Web  Around  Mean  Low  Water. 


Photo  #22 :  Different  View  of  Same  Pile  and  Elevation 
in  Photo  #21,  Showing  Hole  in  Web. 
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PHOTO  #20 


PHOTO  #22 


Photo  #23:  Pile  D  in  Bent  78  of  the  Quaywall  Apron, 
Showing  a  Hole  in  the  Web  Around  Mean 
Low  Water  and  a  Slight  Deflection  of  the 
Flanges . 


Photo  #  24:  Pile  E  in  Bent  76  of  the  Quaywall  Apron, 
Showing  a  Hole  in  the  Web  and  Corroded 
Flanges  Around  Mean  Low  Water, 


Photo  #  25 :  Pile  B  in  Bent  48  of  the  Quaywall  Apron, 
Showing  a  Hole  in  the  Web  and  Corroded 
Flanges  Around  Mean  Low  Water. 
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Many  of  the  piles  (probably  over  50%)  had  welded  splice 
connections  within  5'  -  10*  of  the  pile  cap.  These 
connections  were  generally  in  adequate  condition,  with  only 
two  exceptions.  On  Pile  B  in  Bent  75,  the  connection  had 
been  ripped  for  2"-  3"  into  the  flange  (see  Photo  #26).  The 
flange  had  been  deflected  at  some  time,  and  the  rip  was 
probably  caused  by  that  deflection.  In  the  second  exception. 
Pile  B  in  Bent  64,  the  weld  had  deteriorated  to  the  point 
that  it  could  be  knocked  out  with  a  hammer,  and  spaces  could 
be  seen  between  the  two  pile  sections  (see  Photo  #27). 

Steel  thickness  readings  were  taken  on  18  piles  in  the  region 
of  severest  corrosion  (MLW  to  elevation  +1.0')  and  on  two 
piles  from  elevation  +2.0'  or  +4.0'  down  to  the  mudline.  In 
the  area  around  MLW,  the  range  of  metal  loss  for  the  flanges 
was  23.2%  to  100%  with  an  average  loss  of  35%  and  for  the  webs 
was  9.4%  to  100%  with  an  average  loss  of  35%  (see  Appendix  for 
actual  readings) . 

Soundings  taken  along  the  perimeter  of  the  southern  section 
of  apron  ranged  from  -13.0'  to  -34.0’  below  MLW. 

In  the  northern  section  of  the  quaywall  apron,  Bents  1  to  21, 
concrete  jackets  had  been  placed  around  the  H-piles  from  the 
pile  cap  to  around  elevation  -5.0'  as  a  protection  against 
further  corrosion.  The  fabric  bags  that  were  used  to  form 
these  jackets  were  all  evident  and  in  good  condition,  indicating 
the  recency  of  the  repair.  Apparently,  there  was  a  tidal 
current  running  when  some  of  the  fabric  forms  were  filled,  since 
several  of  the  jackets  had  pronounced  S-curve  shapes  (see 
Photo  #28).  On  one  pile  (Bent  19,  Pile  C) ,  the  form  had 
ripped  about  a  foot  above  the  base  of  the  jacket,  causing  a  gap 
in  the  concrete  approximately  one  foot  wide  around  the 
circumference  of  the  jacket,  exposing  the  steel  H-pile.  Another 
problem  encountered  was  in  Bent  15,  Pile  D,  where  the  form  had 
ripped  open  for  most  of  its  length,  exposing  the  steel  re¬ 
inforcing  and  standoffs  (see  Photo  #29).  Some 
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Photo  #26 :  Ripped  Welded  Splice  Connection  Around 
El. +5. O'  of  the  South  Outboard  Flange 
of  Pile  B  in  Bent  75  (Quaywall  Apron) . 


Photo  #27:  Deteriorated  Welded  Splice  Connection 
Around  El. +3. O'  of  Pile  B  in  Bent  64 
(Quaywall  Apron) .  Note  Light  Visible 
Through  Welded  Connection. 


I 
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Photo  #28 :  Pronounced  S-Curve  Shape 
of  Concrete  Jacket  of 
Pile  E  in  Bent  2  of  the 
Quaywall  Apron. 


Photo  #29:  Ripped  Fabric  Form  on 
_____  _  -  pile  D  of  Bent  15  of  the 
Quaywall  Apron,  Which 
Prevented  the  Complete 
Concrete  Jacket  from 
Being  Placed. 
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concrete  had  been  poured  into  the  base  of  the  form,  but  there 
was  a  2 "-3"  gap  around  the  circumference  of  the  concrete  about 
a  foot  above  the  base  (see  Photo  #30). 

The  H-piles  exposed  below  the  jackets  were  in  similar  condition 
to  those  of  the  southern  section  of  apron.  At  this  elevation, 
the  only  condition  of  note  was  the  expected  corrosion  of  the 
steel.  Steel  thickness  readings  taken  on  7  piles  around 
elevation  -6.0'  indicated  a  range  of  metal  loss  on  the  flanges 
of  6.1%  to  43.8%  with  an  average  loss  of  18%  and  on  the  webs  of 
2.2%  to  20.9%  with  an  average  loss  of  15%  (see  Photo  #31;  also, 
see  Appendix  for  actual  readings) . 

Soundings  taken  along  the  perimeter  of  the  northern  section  of 
apron  ranged  from  -29.5'  to  -32.0'  below  MLW . 


Photo  #30 :  A  2 "-3"  Gap  in  Base  of  Concrete  Jacket 
of  Pile  D  in  Bent  15,  Around  El. -4. O' 
(Quaywall  Apron) . 


Photo  #31;  View  of  Area  Cleaned  for  Steel  Thickness 
Measurements  Just  Below  the  Concrete 
Jacket,  Around  El. -6. O'  (Pile  D,  Bent  16 
of  Quaywall  Apron) . 


4.2.3  Structural  Condition  Assessment 

The  southern  section  of  quaywall  apron  is  in  marginal  condition. 
Based  on  the  inspection,  steel  thickness  measurements  and 
structural  analysis  calculations,  it  is  estimated  that  approx¬ 
imately  35%  of  the  steel  H-piles  have  corroded  to  the  point 
that  they  no  longer  have  enough  residual  capacity  to  carry  the 
assumed  original  live  load  of  600  PSF  (see  Appendix  for 
Calculations) .  In  addition,  approxim.  tely  35%  of  the  perimeter 
piles  exhibit  enough  deflection  and  impact  damage  to  warrant 
a  similar  judgement  concerning  their  load-carrying  capacity 
(this  is  excluding  the  7  perimeter  piles  that  were  replaced 
with  newer  HP  14  x  73  piles) . 

The  remainder  of  the  piles  in  the  southern  section  appear  to  be 
in  adequate  condition  to  handle  the  design  live  load  (see 
Appendix  for  Structural  Analysis  Calculations) .  The  welded 
splice  connections  are  generally  adequate  (see  Section  4.2.2 
for  the  two  exceptions) ,  and  the  observed  deflection  of  flanges 
is  not  severe  enough  to  substantially  affect  the  carrying 
capacity  of  the  piles. 

In  the  northern  section  of  quaywall  apron,  corrosion  of  the 
exposed  portion  of  H-pile  below  the  jacket  has  not  significantly 
reduced  the  carrying  capacity  of  the  piles.  However,  due  to  the 
recent  jacketing  of  the  piles,  the  area  where  maximum  corrosion 
is  expected  has  been  covered  by  the  concrete.  This  has  prevented 
a  comprehensive  assessment  of  the  residual  capacity  of  the  piles, 
and  no  conclusion  can  be  made  on  their  overall  structural 
adequacy.  The  jackets  themselves  were  in  good  condition, being 
fairly  new.  The  one  exception  was  Pile  D  on  Bent  15,  where  the 
ripped  fabric  form  prevented  adequate  placement  of  the  concrete 
around  the  pile.  Also,  a  few  of  the  jackets  had  pronounced 
S-curve  shapes  which  might  have  resulted  in  less  than  the  minimum 
4"  coverage  of  concrete  around  the  welded  wire  fabric  and  H-pile 
called  for  in  the  repair  drawings  (NAVFAC  Dwg.No.2044  444).  In 
the  future,  as  the  concrete  spalls,  the  H-pile  may  be  exposed 
sooner  than  anticipated,  allowing  further  corrosion,  possibly  at 
an  accelerated  rate. 
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4.2.4  Recommendations 

Because  of  the  structural  inadequacy  of  a  significant 
percentage  of  piles  in  the  southern  section  of  quaywall 
apron,  due  to  corrosion,  impact  damage  or  both,  the  loading 
of  the  apron  should  be  reduced  from  the  assumed  original  live 
load  of  600  PSF  to  a  maximum  live  load  of  100  PSF ,  until 
repairs  can  be  effected  (see  Appendix  for  Calculations) .  This 
may  not  create  any  real  operational  problems,  however,  if  the 
apron  serves  merely  as  a  roadway  for  light  vehicular  traffic 
(up  to  a  uniform  live  loading  of  100  PSF) .  All  live  loads 
should  be  limited  to  a  very  short  duration  and  should  be 
restricted  from  areas  where  supporting  piles  have  been  severely 
reduced  in  capacity.  These  areas  include  from  Bents  72  to  82 
in  the  vicinity  of  the  E  piles,  and  from  Bents  65  to  72  and 
Bents  29  to  42  in  the  vicinity  of  the  B  piles,  as  shown  in 
Figure  7. 

Those  piles  in  the  southern  section  of  apron  which  are  now 
structurally  inadequate,  due  either  to  severe  impact  damage  or 
corrosion,  should  be  restored  to  their  original  capacity  by 
posting  with  new  steel  H-pile  sections  of  the  appropriate  size 
or  placement  of  a  30"  diameter  structural  concrete  jacket.  The 
estimated  cost  of  posting  with  the  appropriate  steel  H-pile 
section  from  the  pile  cap  to  elevation  -5.0'  is  $1620/HP  12  x  53 
post,  S1920/HP  14  x  73  post  or  a  total  cost  of  $176,000.  The 
estimated  cost  of  placing  a  structural  concrete  jacket  from  the 
pile  cap  to  elevation  -5.0'  is  $1985/pile  or  a  total  of  $201,000. 

The  remaining  piles  in  the  southern  section  should  be  encased 
in  non-structural  concrete  jackets  from  the  pile  cap  to  elevation 
-5.0'  to  protect  them  from  further  corrosion.  Based  on  the 
placement  of  28”  diameter  jackets,  the  estimated  cost  for  this 
repair  is  $1320/pile  or  a  total  of  $194,000. 
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In  the  northern  section  of  the  apron,  the  only  repair 
recommended  is  the  replacement  of  the  ripped  fabric  form 
on  Pile  D  of  Bent  15  and  placement  of  the  concrete.  The 
cost  for  this  should  already  be  covered  in  the  original 
contract  for  the  repair  work. 
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MASTER  PLAN, 
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REPAIR  COST  ESTIMATE 


Pier  2 

1)  Patch  hole  in  pile  with  epoxy  compound  and  welded  wire  fabric. 
MATERIAL  COST  = 

$  350.00  (100  in2  hole) 

Diver  clean  hole,  install  wire  mesh,  and  place  epoxy  (1  day) 
DIVER,  TENDER,  GEAR  = 

$  840.00  /  day 

TOTAL  COST  FOR  REPAIR  $1,200.00 
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REPAIR  COST  ESTIMATE 


0'iaywall  Apron 

1)  Restore  H-piles  to  original  capacity  by  replacing  severely 
corroded  sections  with  new  steel  pile  posts  from  pile  cap 
to  elevation  -5.0': 

a)  Removal  of  corroded  section  of  existing  pile: 

$  100/pile 

b)  Pile  cap  and  bottom  connections:  $500/pile 

c)  Material,  fabrication  and  installation: 

HP  12  x  53:  $1. 00/lb  x  531b/LF  x  15LP  (average  length) 

=$795/pile 

HP  14  x  73:  $1. 00/lb  x  731b/LF  x  15LF  (average  length) 

=$1095/pile 

d)  Epoxy  coating  for  new  steel: 

$15/LF  x  1 5LF  =  $225/pile 

e)  Total  Costs: 

Total  Cost/HP  12  x  53  pile  =  $1620/pile 
Total  Cost/HP  14  x  73  pile  =  $1920/pile 
Total  Cost  to  post  all  structurally  inadequate  piles= 
$1620/pile  x  62  piles  +  $1920/pile  x  39  piles= 

$176,000 

2)  Restore  H-piles  to  original  capacity  by  placing  a  30" 
diameter  structural  concrete  jacket  from  the  pile  cap  to 
elevation  -5.0': 

a)  Clean  pile,  add  steel  reinforcing  and  welded 
wire  fabric,  install  form  and  place  concrete: 

$7 35/cy  concrete  x  .18  cy/LF  x  15  LF/pile  = 

$  1985/pile 

b)  Total  Cost: 

$1985/pile  x  lOlpiles  =  $  201,000 

3)  Protect  steel  H-piles  from  further  corrosion  by  placing 
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28"  diameter  concrete  jackets  from  the  pile  cap  to  elevation 

-5.0  '  : 

a)  Clean  pile,  add  welded  wire  fabric,  install  form 
and  place  concrete: 

$550/cy  concrete  x  .16  cy/LF  x  15  LF/piles  = 

$1320/pile 

b)  Total  Cost: 

$1320/pile  x  147  piles  =  $194,000 


A-4 


klE/T  C_  MEioi'r 


CHILDS  ENGINEERING  CORPORATION 

Box  333 

MEDFIELD.  MA  02052 


JOB  - 

SHE  El  NO _  -  -  I 

CALCULATED  BY  .  X> 
CHECKED  BY 
SCAl  E _ 


PL\^ 


D*U 

DATE  _ 


z. 

_ 


AMAtVSlS  • 


'H  C>lA  riP2-  Pil-E- 


K.»  .  FUC-D  -F'KE!) 


= 


J  dS  t-i” 


=  V 


(j4  -(z.k.oc)^)2’  +  ^  i4  -  o-« 


=  M.&O  im 


/A  Sia^t  -  "35T  £>EFtrtF  lo'  ABdjE.  MlW  V  s  '  Fix  it  V  -  S'o' 


K4  _  .C.S  (soU)  \-2. 
r  M.6  1-^ 


Si.  2. S’  =V  '"A 


FL  =l  IS* .  24  I<S| 


i.  l_ 

Y  area  *  -  (jM  -  o  *.1.-1^  TT  4-  (  H  -0-  *  ■  O^))  ^ 

~  4 

“  li'Hl  nj* 

A<- uo>oAS'-e-  <-oAO  -  *.  is’R-H  =  2.oH -Lr  K  -  ioz.-rovi^ 

NcrtS  6H2AFER  THAt->  DEilfcW  C/u'A<.iTY  [>  F  fc-f'-'"  0-£lL  V^D  DRAW.  "M  ~7~7  l  p 

—  V4  O  KLtv’CT  IC'J  C  7  Ut>  A  to  ““ 


T  >v.V  y  K.S  AT"  SaArVA^.  CoCfU'^icO  ^ATCL 

r  -  l.n  *  (  _  gi.c.o  k*  - 

r 

x.  -  •:■  ai  At£X  =  >o.  gz-  io^"  aui-dj  wao  —  u,iK‘  Si 


A-  5 


. .  o.  7- 

o»u  _ 

-  -  D*U  _  _ .-  - 


Qua'/ujau.  AP/zy-i 

CoLU-rr\bt _ /l^/UYSib  —  HP  <4*? 2> 

On3  l*fl L  flfisy\gL.  <*  U3*-b  Thick* 1  <T Si  s  .SOb" 

A  J)  Xe'W'  mi r\Oi^or\  of  *PtU,  bd<>e.<L  <r>\  <£v  f.  rA^X  iozL  V- 

f  clCrJtsc~4^  S  ifl  fLc  a.r-ca^  err  AIL  1*2  (el,  3.0'  h>  e  I,  ~2 .0  '  ^  ~  tie  '.c. 

Y /'(A-  //^,  fr\  >nlrf\  u^yx_  "f  k\  t  cJc*\JskJLq.  . 

A/g.  /^LtO  Wet,  rttC-lcyLO,  =  ,2§'0" 

St  .  fY\  Lid  ■f/jbr.^e-  ftuclc^t  sS  e  .  2  *?  ? 


£r»S<, -.Se  e+w*i_-  Rjsrrx 


^.<rX')f.^?H)  +  f  n.itzy.izo")-  13. 2, A  (^.kD,T,f2is. 


RaI  ( tx  5  >f  0.  urx.fi  ton  f T  \  * 

v  y 


^tPva 


f\  - 12.2- 


x~  f  r '  x  '•=  <fX  &e+.») 

=  3W2  f-  ‘J.S'J  ,X* 

=  3?.  2  7-  in'4 


•  •  r- ij^7^?-i?,MV/i3i.3un3'  =  3,5Si'o, 

A  llfu) a  yie-  S/ re  cs  (P^  f  hasek  n-,  ^p~  \ 

P.  (t  it  e-Jt_  a  i  b  oii.  Pr  —  .kb 

x  -  mft*  '*yu  *  res  " 


KX  .  .&?  a  582" 


-  /<??.  ?  =  /<?? 


Xor  Pi^  -34.  icsi  t  <*,  ft  ISC  Table.  y-i(o  //•<?‘f  fcsi  , 

.'.  Present  (UfacA^  of  Pi  /e  -  //.■?«  fc-SI  X  «.  Xn*- = /¥S.  ?  e  0r  72,g  7ans 


■ii  V-tO  -  NtTCj  NeMpr>r-t_  KI  -  APtCokj 


CHILDS  ENGINEERING  CORPORATION 

Box  333 

MEDFIELD,  MA  02052 


CALCULATED  BY  _ 


J&J-OJ-  n.Tt  /0-/r-g| 


An*  l'Lsis  -  HP  If  x  7  3 

6^)  A 1 1 ou)  a  Loa_Jhr^  of  Piles. 

'^2>exi-  LpxJi  fr.  OjJir-o-^Q^  Vt-irhcjcl  pile- 

~£)ec.lc  f\ r-e x*  —  ID  ’  l  X  /  io  =  77  sf 

~J)-e.cl<  Uolu^nC-  +  Pilc.Ca-p  [/plu-r Y\i_  F  Ao' lr\0r opt- P 1^0  ~ 

1-  ("l.a'fc  X  j'w  x  7.  i'l1)  *  ^'Ui'urU'u)  = 

|  O  4  T»-  I  V  O  I  tu-yr-ufi. 

*°l  -  i4  C.f. 

;so  pc-f  X  ^.34-  c.f  =  ;3,3U  lb. 

Ib/  3  |  j  ^  —  /##.  S’  p>s>f  ^  736x-cl_  Lot>-<A_/^d/I-C 

*0  TofaJ.  Loo-<L 

^  psjf»C>J  JUck  Jle<i^  lid  C  loaJi  of  6>0OpS>f 
I  Q-fad  I OO.JL  —  (pOO  jasf  +  /'$'%.  5  pip  —  T-S°l  ps  f 
-0  /A  lltr-o  Ai/e.  IbA-dUn-.* 


I  fiTfO  lbs  /prei^nA  p,  i,  C&pa.c\ii\\  ^  —£ '_£ — 

V  7  Pl/t» 

AUc^nuloli-  (Xre^.  P>  (\chx-tJL 

/?5  ^  >  7-/  s.f . 

.*.  f/V?5 


($S  if  (J)9<«  CL  r- C_4_ 
pi/t-  <U*v  s*fftrf  ^ 


rOPM  204  i 


01450 


A- 3 


CHILDS  ENGINEERING  CORPORATION 

Box  333 

MEDFIELD,  MA  02052 


JOB 
SHEET  NO 


¥3? i?o  -  NZTC^U^pirt,  RI  -  fcr 

-  _ _ _ /_  0.^3 _ 

IUiL 


CALCULATED  BY 

CHECKED  BY - . 

SCALE _ 


DATE _ lP~l\  "  2  )  _ 


ftPKoN 

CoL-Umt s/  /)NALy$)S  -  #/°  /3^5~3 

0r‘$  ina-l  /74-n^d.  y-  kle.  b  T bicJontib  ~  ■HU" 

Af^  fDe  iCsrm  of  7>  1 1-  d<Lf>\C\i  La  S'?  V  f 

t  btcjcnCiSes  in  ~tXg_^  (X.r'&tK.  of  M  Lk)  fe  I .  i  2..  o'  to  e  I .  ~^.o  1 )  —  'O-T^d 


/W  A-t -C  ^ ^  Us**\  fbtclor*. : 


yhs>4./t)LU}  LoC-L,  fh/ckyi'i  s  ~  .  S'  J 

//i/j  r/?L-tO  fbukr^.;  '  .335" 


Crbb%-  sbr-t-A-  ft  *vl<4  i« 


2(/2.d¥  Or  ■‘33S’')  *  ( iO,to')(,?<y)-'  S',  V  ,*a 
R<A.Amu,  of  ^<£.ra.h**.(r')  \ 


r=l IT7dT 


1 


X=¥X' 

'  O.ttln'*  +■ 

-  11.  OH  in  *  Sctrf) 


»>\  * 


-  2.??  if) . 


All  tul alolt  5  f  r* 5 5  b*.S*J-  <r.x 


K  H 


K((in/L*.t  btiL  -  .(,$• 

Q/c?.r  ^CpS” 


fci  -  ,  ij.rxjtbV'  _  _  _  _ 

r  ~  5,  f  r ;;  ~  lOGi.t  —  tot 


fo<  Fi^  -  3  c  fc.s/  /  ,„ 


¥)/SC  To.  Lie  /-1L>  F=/2.of  Kbj 


Ft  ?fe%tr\t  Ca.ppcit^  of  Pilt.  - 


•r?  -  JOl-H  K  or  SO.?  Tor,; 


/a.o?  Xu  *  2.  ¥ 


CHILDS  ENGINEERING  CORPORATION 

Box  333 

MEOFIELD,  MA  02052 


FFTNn  _  _  ni 


CALCULATED  B*  _ 


_ tiUlL  DATE  10-lS-tl _ 

L5>_ _  DATE  . 


CoLitynM  ArslALy  SIS-  HP  lit  S3  (ce»i-'ty 

£>j)  ^fy/irw  a  He,  1.03  J af  ?,k s. 

O  LoaJL  rr.  Aaj^cc^sc  i/-e.t-iicaJ  pilz.'. 

Jteck  ^A=/£)V  X  II.  A\ )-  1/3  sf 

Tb-ecU-  [/oluw-e..  +■  Pile-  ^olu^e.  f  s^e-kortLyc.  Gup 

(lI'J.  sf  x  /'*  }  f  ^ /  a'j>  K  3'^  \  II.  A1  C)  +  ^'d  \<?'ix  3t) 

/  o-f.au/  l/o  /un*i-e_ 

IHO.OS  cf. 

/So  x  /^O.os  cf  -  2/,0/a.  It,. 


21;  013.  /i 


5  f  -  /SI.  (p  yPsf  P  I-6A- 


°0  'fo’hfi-l  ioa.<?L. 

y/sStuorO-  a.  Pi^?>c*-(  deck.  <s&>5/^t\  /ii^e  o-f  boo  pb/ 

'Toia.l  l(>4-(k.=  (,oQ  f  sf  i  /  21,  {,  I>zf  =  ?2  8  j>sf 
"' ^  / / 0\a^  i?  Al,  / 

)0I  jl-D?  )l  (frpr^i  r,\<_  X  -  /2T  if 

SUjOperTy 

sA  d(r\^>o.lol<.  iLrco^  A5  (\  c.hxx.1  tvr? a_ 

m  sf  >  ii2  sf. 


0 


JOB 


CHILDS  ENGINEERING  CORPORATION 

Box  333 

MEDFIELD,  MA  02052 


_ _ _ 3  _  Of  —  5 _ 

_ DATE  /Q-/T-W 


£ot.urr\bj  Aaial-vsii  -  HP  S3 

r  nr,,  aJ-Um  Op  Pile-  Ca^>t>-rrh^  ba.S'd. 
“Ph  it  ksnj  JS  e  i  /)  //(xJafc/t  /  i3 


A  I  n  I  m  P/i Wi4 


M  lf\  I  'VUA^TS.  t^x-  4  PhiC-k-rutiS  —  <3 " 
1  r\  I  rtl  (AsrY\  ■f  Pbiclc^r. a-  "  ^ 


fPtck+ritS  —  <  JoS 

Au^j.  r€-  n\OJ^f\if\^  f  liVnQ  C.  fkic  k-nt^S.  —  *  /  J  S’ 


Cross  $ecr-tr\  fbriM^k 

A<  Xn  of  f*l  injin  i^n^v  TkicLotSS 

Crt>s^ -£p  :  4v>r  At  Are*,  PjwMs-r^-r^,  ; 

It  •  O  S’ t  2^3  ")  -  -?•  ?  3  '*•> 

.'.  PreiCryf  C^i-Clfp  op  P,U  =  13.01  KSl  X  0,11  In3'  =  53.0  K  or-  I  If ‘5  Toni 

2) A  I /fcJ  A.  t  !<-  I  (rO-  ^Vr^,  • 

33/>^>o  x  -ii£-  -  m  q  s-f 


Allnoa.lk  tsy-eo^.  P  Pc h*-*jL  Pr*+~ 

HI.1  sf  <■  /Q  s/. 

I lci\jja.  b le.  JP eclc  Livt-  LooJL" 


.  "„  4/ 4  s  <t'V  Cist  SbiMsJ-uj-eJUjJy 


35,000  lb  -  21,012  IL  /Ami  UnA)  -  /IjlZFlb. 


//,<???/{, 


—  }  OT-.O  p%.f .  =  loops  P  =>  ft  III uxxiol-t  Llv"t  L0Aj£_ 


lo*IV?04  »  .*»•*•>.»[>*#  I*  Of.  % 


G'oto-  Ma*s  01450 


A-ll 


NETC  NEWPORT  RHODE  ISLANl 


NETC  NEWPORT  RHODE  ISLANI 


CHILDS  ENGINEERING  CORPORATION 
Box  333 

MEDFIELD.  MA  02052 


CALCULATED  BT_ 


■./I/- 


CHILDS  ENGINEERING  CORPORATION 

Box  333 

MEDFIELD.  MA  02052 


JOB 

inter  mo 


438-80  NETC,  NEWPORT,  Rl 

_ L  o« _ tt _ 


CALCULATED  BY- 


CHECKED  BY. - O^E - 

H-P1LE _ _ 

STEEL  THICKNESS  MEASUREMENTS 
LOCATION  _ QuAVivfia.  _ . 

BENT  ±  PILE  ^ 

PILE  TYPE  HP. lax  S  3_ 

ORIGINAL  ORIGINAL 

THICKNES8:  .43b"  THICKNESS: 

WEB  FLANGE 


BENT  I  PILE  E~ 

PILE  TYPE  HP 

ORIGINAL  original 

THICKNESS:  .42k"  THICKNESS:  ;  j  3U 

WEB  FLANGE 


I 


CHILDS  ENGINEERING  CORPORATION 
Box  333 

MEDF1ELD.  MA  02052 


438-80  NETC.  NEWPORT,  Rl 

JO P 

3 

no  - - -  °  - 

C  AlCUl  *  TED  BY  - °*Tt - - 


CHECKED  BY— - - - DA7t 

H-PILE _ scxLt -  —  -  - 

STEEL  THICKNESS  MEASUREMENTS 


LOCATION  _ 


for**  ro*  -t  A. 


»ow  /a< TiS'trK  Or 'or  Ujii  D 1 450 


CHILDS  ENGINEERING  CORPORATION 
Box  333 

MEDF1ELD,  MA  02052 


438-80  NETC,  KiEW'PSRT.  Rl 


CALCULATED  DT- 


H-PILE 


CHILDS  ENGINEERING  CORPORATION 

Box  333 

MEDF1ELD.  MA  02052 


H-PILE 


STEEL  THICKNESS  MEASUREMENTS 


LOCATION  <Vuaykjau_  Pipron 


JOt 

•  HEfT  NO  - 

CALCULATED  ftV 

CHECKED  BY - 

SCALE _ 


438-80  NETC,  NEWPORT,  Rl 


Js L  o.  L  M- 


PILE 

TYPE  _ 

/iP  (i/S 3 

ORIGINAL 

ORIGINAL 

THICKNESS: _ 

THICKNESS 

WEB 

FLANGE 

CHILDS  ENGINEERING  CORPORATION  , 

Box  333 

MEDFIELD.  MA  02052  « 

H-PILE  ' 


STEEL  THICKNESS  MEASUREMENTS 


LOCATION  a  v  to  a  u-  h-PK.oM 


JOt 

•ME  E  T  NO  - 

CALCULATED  BY 

CHECKED  BY - 

SCALE 


438-80  NETC,  NtWHOHI,  HI 


PILE 

TYPE. 

H?  /2/-S3 

ORIGINAL 
THICKNE8S: _ 

ORIGINAL 

THICKNE8S 

WEB 

FLANGE 

CHILDS  ENGINEERING  CORPORATION 

Box  333 

MEDFIELD,  MA  02052 


H-PILE 


JOf 

ftHtf  T  NO  - 

CALCULATED  BY 

CHECKED  BY - 

SCALE _ 


438-80  NETC,  NEWPORT,  Rl 


CHILDS  ENGINEERING  CORPORATION 

Box  333 

MEDFIELD,  MA  02052 


H-PILE 


438-80  NETC.  NEWPORT,  Rl 

j  '  1(1 

SHEET  NO - 0»  1  L _ 

CALCULATED  BY -  DATE  _ _ 

CHECKED  BY _  DATE  _ _ 

SCALE _ 


STEEL  THICKNESS  MEASUREMENTS 


LOCATION  _  Oun  YtoJALL-  ApSoNJ 


BENT  kl  PILE _ £. 

PILE  TYPF  ^*53 


BENT  PILE  _Jb 

PILE  TYPE  HP  i a*53 


ORIGINAL 

THICKNESS: 


ORIGINAL 
THICKNESS:  ■ 


ORIGINAL 
THICKNESS:  •  H2>U> 


ORIGINAL 
THICKNESS:  •  H3te  ' 


FLANGE 


/  /  /  /  / 

/  /  //  / 

1 

FLANGE 


WEB 


CHILDS  ENGINEERING  CORPORATION 
Box  333 

MEDFIELD,  MA  02052 


H-PILE _ 

^STEEL  THICKNESS  MEASUREMEN 


JOP 


438-80 

•MEET  NO  _ _ 


NETC,  NEWPORT,  R| 

_ !l_  /4 


CALCULATED  _ _ _  DATE 

CHECKED  BY _ . _  DATE 

SCALE _ _ 


BENT  ??  PILE  5 

PILE  TYPE  HP  14-*!$ 

ORIGINAL  j(  ORIGINAL 

THICKNES8:  ■  '  THICKNESS:  ^Ok" 


WEB  FLANGE 


H_  5  ?  -  v  ■ 


CHILDS  ENGINEERING  CORPORATION 

Box  333 

MEDFIELD,  MA  02052 


JOB  - 

sheet  no  - 

CALCULATED  Bv 
CHECKED  BY - 


Hire. 

N-\,'..vT  kx  ~  Pick 


i  „  1 


t  JL 


DATE 
DATE  - - 


II  -J-? 


\ 

1 

* 

A1.7C  . 

I 

i  2  '£  -  l 

- .  .  -  ,  -  h  *  *  ._v. 

\  CHILDS  ENGINEERING  CORPORATION 

SHEET  so 

1  „r  1 

Box  333 

MEDFIELD,  MA  02052 

CALCULATED  8* 

.£•^1-  [)»T[  1  1  .  4  1 

| 

CHECKED  BV  - - 

_  _ _  DATE  -  . . 

SCALE  --  - 

U  d  ..v-  l 


afcft-  re*r>e«  sv$*bm.  •  v 
AjWSE^.  ^4  o  cm*6  too  r\rfzH 


VELCV  -5  0  • 

-  T  -  WPt  rtcc  . 
:  V  THfcl^WAU. 


‘-i: 


v  *  ••--•'* '  TYPICAL  pile  reinforce  went 

/  V  , ;  -<■'  ':  ,  V ■  scale <iVi*«6*  ,  •'- 

*  -  ;•’  •  •:  V 

VPitt'  'ti**  i... '  *  .-s  *  * 


yT  ,  v:-  -/  -if;  .  '  .V-  *  HQOK  OETAVi. 

tVv:."-  £  • p-r:-;- /*.-•  ■  ;■.*■■•  ■  v^v-V'  ./  •'  • 
'  k  ->V  '  --  r.  -.'  -  v^'  '  ;>v>V'  V' " 

:*T  JOp^of  typ. pile,  ,v >c;i r  ■ .; .> 

**  PICET  ANCWCRAGE  DETAILS  '  v  . 

■'  >.•  />-  .* 
V.;  -  -  ■  -<■;  -  <: 

.A.  ,,.  -V-  ■  h^.  .  *  •  :  .  •  .  ,  /'  .  *  -r  ■-.  .■  “S'  . 

,7  *;•  v  v*'  *:*/*^fr  -  v*  c.«-  •  *.  •  .  •  *  .  .  .  i  •  .  ■  /  . 

*>'  v f-  .*•'•:  ",  .  ,• 

. g'y •  •'.  _• , :•" 

y ..xr.AA"  ,  ©^L., ..."  *"  — •  •  —  ■ 


.  -f<w ■  Pita  Pile  plan.  oenYs  • 

»  mMvrn  ^f  mP&SB&iTW&f10* 7177  ‘V '  ‘  '  * 

rAMMtrfi.  ...  •:>  -  . 


r-’l.  ■ 


i  g»w»^cWrivoW  wn€i _ 

wtsw mxo  a  thowiwbe  „mV:  chaales  e  aAtutitt  ft  «mcttrfs 

MtTM.MASS  ARCIMTICf -CNamCKA  Movm«a,ni 


REVISIONS  ' 


'  V.  A  IMVAi  M«.  .•  .  HflWI.  >  | 

n»  HO.'  2,  MilKHlAD  AH0  timrirtiS  ' 

*'■  ’•••./S'  ' v  *■’*■  '  .  ;-'v  *  -  .  •  1 

r -•  _  -»  •  *•  •<■  •-.  .p 


K« 


J50HI 


A'«*£:  —  ■  A-,*  -  •'■  ’T^** •••4*.' '£<. 1 


/’Pg»is»8>iy.«wroNKi!ii^^^^  < 


•  V. 


*  £XP*S»*P. 


pile:'  plan  -  z  t  bent\vto 

.  ..  .  9CAL%  W"  »•*©’-  O*  >  \ 


tixv.io.eo  t ley  o«6  titv.  iooo  ftuc.v<o«o  elcy  ia&*  leev  ica 

CUCV  I<i50  tl-fcv  >050  LLCViaSC  %  tutv  lp«7  .  Lu,y  I0^f  cj.tv  fb<*4 

C LEY, '040  Ei-tVKJ43,  CUf'&SO  ••:•  tlTY  Jfc.%7  .  UXV  tO.fr*  ►  ELEV.  10.6*  , 

eley  .*.w;  tU¥  io«i'-ft.wrt.M  ’*leev.  iosr  -  elcy  ©«*--,  ttav  >o*4  ,  xlls. io/jt  t  tM-v 

tLtV  10  37  l ULV.JOmf*-  EETV,  -  1 0-40  ;  LLfcV  10-67  .  .ELEy  10.4*4  f-UEV  ltf>4  ‘  £©?£*♦*«'  ».  ttxy 

utv  »04I.  juejfOo.** j  5 1-«.  jostf  ,r ‘I4-C y  i£». 


m)  ■  ,  .-tu  + ; 1  > 

•  E.i  tv  ib^a  -?1  ictv.  to 

•  tLtMJO.ST  ti-CV  10 
r  EtXV^O.57  ,  ' 


;  ElEYlOAO  f‘ll£V.  toys  f,LfcV.lOM.  CLtV.  tosc 
•  tut,¥j0.*7  ;  ElCV  )QaO  ELEV  1047  t LtV  1C-* 
W.S0  EEEV.  1045  EEtv  10  3' 
.V.  10  50,.  EXEV,  fO-43-  tLEV  (0.3 
'iCL'CK^W  ».  Etxy  10.50  ELE*  1043  EL£Y  »0.» 
,, :,  jfe|»,.t0  57  «  £ii*  J0.44.  uuv  104 


'  f  fac r  c*  tW i; 

V  APRPW-"  'PL/N5f£:v?D  - 

'■  ■  •  i  /yvsjw  V.7' V  1 


3>  ''f0vS  <S  .$*  0 


IT;  ..*'":  5 

;  jr- .  t 


r  -  i  ■  1  .  .  t.  f  '  <  ;r 

t  i  }t  .L.J +:  -.1  if' 

*  "T  <  T-'.  |  .  T  '  in 


J 

4  -■■4 


♦  t  ♦ 

t 


r--f  t  *\t.  i  j:|  |1 

a-  ■:  :  ,.j ■;.•;■! .  < 


-  )  !  •  t  '  '  ] 

♦  i  f  --*■  j  ■'-* 

♦  §  -*■•-♦-  -f  r^-  4 

5  ’  .  » 


r *  !! 

v  « — -t  t  4  •  ♦  ♦  ♦  £  | 

1  *  "  a/.-.***vll  f 


•  -  *  *  ♦  ♦ 


}  -®  .  4  -  4  -  -  ■  4  i--r4  4 


»  «  4  •  *  *  ♦ 


0  ■*-#  i  *  ■>  •  • 


5TA  .>.00 
»1A  *C'C5  00 


f.  •  *  •  *  •' 


► 

♦  -  > 

I  r 


♦  *  t* 


I*  .■«  *.*v  "V  *<> 
>,  •  .if  IT  VI.  rnr.  V  ■ 

f*  ■' 
fr4**+A’  —4 


,  •  •  *  Vf  l  1  - 

•«.»  >  •  4*'  4 

o*  C.vtv.o*'-  WV.M».  UJrt  »**  . 

(0  4  r  U-tv  »44f  ILS.V  lOt**.  Ulv  ©.**  1 

It)  «  f_t.C4.lO  ST  CL*J4.  1*57'  tt.lv  * 

tajr  ,fU-tv  .oir-ttcv  *1*7  tu|v  4» 

to.  wt  Evtv  mse  atv  «£*«  ia»*  - 

1041  |0-9®  .  1X1.4  W» 

..."  *  ■  _ _ L4. Mk«« 


Amt,  »v  oniti 
A,fi  t  <cn  oAt 


v.'/l  1 

„  v  ; ;  - 1  v  .•  •  ••  r.  -'■■  Vr  .-'•*»■ 

„  -  -  j  - pn . 

'  'r  •  ,  M  •  •_  .  VT' 

■  H  <  f- 

k  '.NT  v',  ” 

r.vr  ‘k.v*  '  ‘  '•  ‘  v‘-  vv'  v  ' 


KBX 


>xs  *  J 

*  ,w«nue>* 

*.v*  uaumVk. 


n  -  &TEtU 


►lOTfcS. 

D'.-  JV  _S.7t.Vi  i  Of'.-  ft.~V  Vt  <«0  PWG  Ntfc..  7/7  7(6 

for  pr*  '  _i  /•.  ■  ■  :  *  *-.*  •_■  *  -ft  fMv. 

-"V-C-  V.  ;  \\  •  %  ••.*  ",  'f %,}Ffc 

•  •  .  •  -  •  *:  /  .  j  U 

if,  .*  '■  ..  V.  .  ■  V  r  ,  .  V  :  ;•  AW-  Vtr.CT 

7  N  -  ’  "  •* 

ffW.  ,  _  .,sr  '-4  i  1  .  rf  «'»."•  (Xvft  *-C.  ’1  T:^ 

f^rrjvw.v*  ».  '»<  v<  7  ,w.  *■;;  *Y*  # 


hex 


c;  H*r>  Su  ice  m  t  * 


«  4  • »  -  O  C> 


.0  ? 


U*» 

4V 

fsmset  <.0v 

.psa  *** 


*  *  v:  v  t  °  c\  ?  j  *  •  ♦  ;  ; 

U  ’j  .  '  ,1  "V  "J  _\  \\  _},  ...  ; 


-  .  -  >•«»  reuses  5yrT?M  Pii.es 

roft  oerAu.s  srz  v  <  o  dv.b  uc.  » 


T  5 

& 

..  .  1 


BENT  I  -  i  ElCV  »0£O  E-Lf.V  tO  60  E.LEV  10  60  EE.EV.  10 

BENT  2  j  ELCV-tOW  LLLViOta  ELEV  >0  to  ELEV 

BENT'  3  -  EUV.'‘K>40  EEEVI040  E.LLV  10  40  ELt  v  'C  -K 

BENT  4-  EEt*  >031  ELEV  >0  3l  tX.LV  !0.30  ■  E.Ev  O  il 

BENT  5  '  eCEv.ip.ei'  EL.£VtOf4  S.LE.V  lo  BO  Ei-EV  10  3; 


BENT-5  ;031JS  i  ELEV.  I0.l6  El£V  1C  EC  £lEv  10  33  1  SJ-tv  lf:4l 


cvea  at  wcui 
:t  ties 


»ive  at  series 
ft  «  iO*  ONCT 


<<  ■  .  .  ’  . 

4*  •  > 


•O0C  &6V.T  KlOS  rT-:C.-‘  lEcEV.  10  A .  tXCV  '.'28  ElFv.  1o33  £!_£'/  vO.W  E.l 

BEmTS,  fr-t4 /.Ot-in  f  1/9  *58-  .C.LEV  10;|©T  ElXV  IQJ24T  tEEV  10.30  Ll-EV  I0.3T  el 

'••  \  t  N-  '•  ■ 


Secr'Tflf  £  ?  J  OS  “E  PF 
TOP  BEMT  !5B  <  157A 


BfiNJTS  fi  —  14,  !04  -  - 
ODD  BENT  MOS.  17  -  ’O' 


to  t  EE- 


Si.£V.  IQ.ig,  ’ElI>'EI0  28  SB.EV*  EE 2V  13,50 


.-  w  Vi.  ■ 

■i  i  ••• 


.  ’  -  IV 

0*?-  >.  .  ^ 


N£Ve^  :b£nt  nos.  ie  s*>,  40  -  52  , , 

•.E.VE.M  rBENT  NJdS  54'«76  <^©0-102! 


r  r 


PiLE.  PLAN  -  P'£P  2  “  PENT.;  TO 
scale  iO‘-  o* 


_CV.  10  foC 
tv 

C v. '0*0 
r  v  0  37 
t.  10  37 
tv  lC  41 


ClCV  0fc6 
tuev  (05o 
ClEV  tO  43 
CLCV  'O-V 


cl  tv.  toec 
clew  :q.oq 
clev  ie  so 
e'lev:  io.bo 


C  LEV  ELtV.-l0.50 

ClC/-  ;o,49 ;  £,14*  JQ  57 


j  t_CV  1060  Ei_CV  1044 

tl.Lv  10  S7  CL  tv  iOu4 

■  clew,  io.57  tucv  10.44 

t  ELtV  10  5  7  ClCV  fi0  6>* 

CL£.V  <0.57  ,  CLCV  10.1.4 

’  tuv  (0.42  t  E^CV-  10  65 


CLEV  1C  &4 
ELCV  10  (c*4 
CLCV.  <0  44 
EbEV  !Qjfe4 
EUEV  iO,fi>4 
tlLy  10.4.5 


■  El  tv  10.58 
CLCV  10.57 
ClCV.  (0.57 
,  ELUM0  5T 
!  vCl'cv  *0.57 
>,ElEV  10.^2, 


tixv  ioy; 
Ct  LV  lC  50 
CLCV  10.50 
ILLY  10  50 


£,ltv  iOM 

ELt  V  1 C  47 
ELEV  1045 
CLCV  1043 
CLCV.  1043 
CLCV  K‘-44. 


CLtv  iO  37 
f  LC V  >0  37 
CLCV  10. 3T 
LLEV  >0  41 


u>  kh 


'  7  v  '  '  .  —  -  '  IFOR  Wt*  %-Z  fl>m  > 

...  ,'  *FAct  Of  13EC  V«P  Owe-  HC  ?\7)}$ 

\ ^  Ap^ON  J  .  •  -MCC  OF 

'  '  .  -  ;  ■  - .  auutpeAO  — H 

•  ;  v  .'»  !; 

f  :t)  •  '*•  *  4  ( 

E.LEV.  I05e  •  E.v,tv  10  VT  <  Ei-fV.  1068.  El£v  10.55 

7  Lutv  \Q*1  E.L.1V  1047  ELEV.tO.47t.  E.LCY.  VO.4-7  '  ^ 

ELLw  ID  37  tLtV.  10  37  CLAY,  tC-37  Et_tV  I0.37T  i. 

f.LtV  (U5T  ,EULV  to^r— tutv  10.27  tUtV  10.  $7 

LLtV  10. 3T  EctV  10.30  .  £XCV.  ^241  -tklV  tal*"  — 

.  U.EV  I04f  .^EV  10.^3  .  EU*  I0Z&  tLty.  lO-IJk  •  .* 

_» J. - - .  ■  .  ■  ■ — - .  .1  yV- -  cu»V  vr  mwt6  . 

V  '  A.  -  M  :,.T_  1.  AO  ♦>«  awtr. . 


M'jTF  S  ■ 

•rr.7  r.L-  D'.-  iv  .»  7  t.VA  •'  pc-.~  ’ 

cor  ;»r ~  '  i  r  »’<  - 

.■  ^v;-: 

!  -  l  ‘  .  k*  •  *  1 

■  t(',  '  . .  ».  *  M  >'  -J,  4  ■  ‘ 

fn\.  r  'iV  V4  !:  ■  *  ' ■*'  r 

r or  nv.v'.’  -V  ••  v«- 


KEY 


■'FJ  V.*'. 


•  I  tO» 


v .  c,  ■  -. 


.  .  \  ‘  :  v  .  . 


V.,. . 


■  -XA  E.LEV.  i«  ECEV,  0  55  x  JE.ltg.ff** 

'  ~V  i  /  ■ '  V/'  **  •-  "  ■  :  .  V..-‘  ^  ; 


itpSy;  *4$ 


•;  —  SrTEEL  ~rV4\<c;Kr^E5>T5  Is' 

.  y  ON  -THIS  ‘P’lU 


* 

A-  ■  Path  of'  .H^spe-ct 

■ 

2 


-  \  -  V  ‘  .  .'  •  v»  /»  ‘  -A-  *VT'-'  '  ,  >  '■  A-;-  ■  . 

:\'\7  '"i ' .  y  ~  "••’A  ‘  f  . 

..V  *"•  :  A  **"•  .^v-1  ;  ‘/r.  -  \  r  ' 

\  j  •  .  -7  *  y  ^  ^  V  ♦  ,  ■  *  •  *  ;  -  •  .  v 

5VEV  9  75  .  BtEV-  .  ^LEV>53’  .  ELEV-gt45  V,  •’  *  .  {  ;•  _ 


■  . 

•  A.i€-  '■  *•' 


>  • 

*-’,A 


OCSCI'^ 


7.5  r  uw  'i 
rr,  ,y  ,-i7WM 

£  / 
i  _  -7 


HOTF.  ~  . 

ilz.  Lt.  ?'*'  '••‘l'  '  't.Vi  ••  3r*.~  tv-'-v  »H  'ui  r<nr;  ,\i,_  rif  •  7? 

-;«■  L"  :  '  ■  “  *••■?  -•  ' -r>  tm,.  ■  - v. 

'>-c;  "  ''  v*  :  >\  '  -\4  , 

'  t » .  :  vi  *.  *■  •  -  '  .  i  '-i 

\  *  -r'  -T  -•  *  r  *  -*  r." 

P  .  f-  -{.  '•  .  ;,V'.  ;  ■  ;  v 

p'  .  a  sc  \V4-'i  .  r.r  r  Ovv^'s'C.  *»  7;j 

Tl^fT  >•  s;  m.4»s1  ~\.e  vt  ^  (>.V%  ,'  /  *  f  '"7  /■*£ 


:n~  .3t«u  Th^knes^  H  e:  a  sutCMCNTS 

• !;>■  +./.  Taken  on-  this  Pi 4c 


■■XX-V'  -  : 

!  ■  r  •  -  .'■■•  1  1 


A  -  •  Pat 

I  . 


*  .Xwspe<T-:»'siM  f  See  Secxaoh  3.i^ 


7-:  >  -  .- 

..v 


t  >  . 

t  ■  " 

l  v 


■ax^-k  ,- 

>fc  >  ..•/ 

:  9<- 


\  .  . ,  \ 


•.  :T.  f 

> 

t  ■ 

j.  >••  :? .  <1 


■  X'  •  iv  £ 

<WAP«C  scalcsV  ■  ' 


Ofwo  0 Rawing  ho  TgtJ^ 


K  .1.  __ 

3  v  20 


N9N-60  nr, 


motmm 

.SFOfTOADtfm 


oewiPTttar 
,  sevtsiows 

T.Df  TMt-HAVt 

u4lk.wmks  off ict 


OATE 

♦oitdh.haSs. 


THJ’HAVt  ,-BCBCAU  OF  YAHDI  B  DOCKS' 

E.WMKSOFFJCf  ••  ftt  HD  BOSTON,  MASS 

HOFKDfFf  ,IHC  >  £HA*USA  ttA«VI*C«  ASSOCIATES 


EiUKi^ _ 

om^n3r^j.\rTKF« 

r"’rx*.ny-r*fzaB 


■mm* 


m  ■  ..  ,-lTIiar'  KU.O| 


-  v.  . 

XV  fc 


‘.’••A*  *•*  ;i H  '  •'.‘1  'r’A  -v^'r.-fTTr 


END 

DATE 

FILMED 


f  \ 


Se 


